Net protein utilization (NPU) was examined in pregnant rats fed various levels (1, 3, 6, 10 and 20%) of whole egg protein (WEP), based on their obligatory nitrogen losses. On increase in dietary protein, nitrogen balance improved curvilinearly and the NPU decreased ex ponentially in both pregnant and nonpregnant rats. The utilization efficiency was high in rats fed marginally low protein diets, mainly due to lower urinary nitrogen levels than the obligatory levels of nitrogen loss. The NPUs in pregnant rats fed 1, 3, 6, 10 and 20% WEP diets were 103, 99, 78, 66 and 46, respectively. These values were 15 to 20% higher than those in nonpregnant rats because in pregnant rats obligatory urinary nitrogen loss was higher and the animals took more energy. The problems in application of the NPUs in pregnant rats for estimating the protein allowance of pregnant humans are discussed.
RESULTS

Changes in food intake and body weight
shows the daily changes in food intake and body weight of rats receiving diets containing various levels of WEP. The daily food intakes of all the pregnant rats except those on 0 and 1% WEP diets increased with advance of pregnancy, but decreased appreciably near term, except in the 20% WEP diet group. The pregnant rats fed 0 and 1 % WEP diets showed gradual decreases in daily food intake. The total food intakes were least in pregnant and nonpregnant rats fed PFD and increased with increase in the level of dietary protein ( Table 2) . The respective control rats other than those in the 1 and 3% WEP diet groups ate less than the pregnant rats. The weight of all pregnant rats except those fed 0 and 1% WEP diets increased throughout pregnancy, their weight gains depending on the dietary protein levels. Pregnant rats on 0 and 1% protein diets maintained or lost weight during early-mid pregnancy and gained weight during late pregnancy.
Reproductive performances
The reproductive performances on days 16 and 22 of pregnancy are shown in Table 3 . Rats receiving protein-deficient diets maintained pregnancy successfully with the aid of physiological doses of exogenous ovarian steroids. Increases in weight of the products of conception during early-to mid-pregnancy were similar in most rats, irrespective of their diet. However, during late pregnancy, their weight was markedly affected by the diet, increasing exponentially with increase in dietary protein. Intrauterine fetal growth retardation was observed in pregnant females fed diet containing less than 6% WEP, but there were no significant differences in the weights of fetuses from dams fed 10 and 20% WEP diets. Nitrogen balance Data on the nitrogen balance (mg/rat/21 days) during the entire period of pregnancy are shown in Table 4 . Nitrogen balances in pregnant and control rats improved with increase in the protein level of the diet. Pregnant rats fed 3% protein or less showed greater negative balances than the respective controls, due mainly to decreased nitrogen intake and increased urinary nitrogen output. On the contrary, pregnant rats on diets with more than 6% protein retained more nitrogen than controls during the 21-day period in proportion to increase in dietary protein.
The nitrogen retentions due to pregnancy, calculated as the difference between nitrogen retentions in pregnant and nonpregnant females, in the 6, 10 and 20% WEP groups were 212, 743 and 793 mg/21 days, respectively.
Relationships of energy and nitrogen intakes to nitrogen balance
The administration of diets containing 1 to 20% WEP ad libitum during the 21-day period resulted in different energy and nitrogen intakes. As the nitrogen balance is known to be influenced by both energy and nitrogen intakes, we examined the relationship of these two variables to the nitrogen balance by multiple regression analysis.
The linear multiple regression equations obtained were NB=1.587E+0.431N -2243 for pregnant rats (n=48 , r=+0.99, p<0.01) and NB=1.097E+0.416N-1780 for nonpregnant rats (n=38, r=+0.97, p<0.01), where NB and N are nitrogen balance and nitrogen intake (mg/21 days), respectively and E is the energy intake (kcal/21 days). To compare the contributions of the two variables to the nitrogen balance, we calculated the standard partial regression coefficients forr energy and nitrogen intakes. The values obtained were, respectively, 0.254 and 0.792 in pregnant rats, and 0.208 and 0.918 in nonpregnant rats, indicating that the nitrogen balance was affected by the nitrogen intake more than by the energy intake. Next, we examined the relationship between the nitrogen balance and nitrogen intake. As shown in Fig. 2 , curvilinear relationships with an inflection at the 6% protein level by inspection were obtained for both groups, showing that the utilization efficiency of dietary protein decreased gradually with increases in the dietary protein level. Assuming that regression equations relating the nitrogen balance (Y, mg/21 days) to the nitrogen intake (X, mg/21 days) are linear within low (0 to 6%) and high (6 to 20%) ranges of protein intakes, respectively, we obtained the following equations: Y=0.768X-1142 (0 to 6%, n=33, r=+0.99, p<0.001), Y=0.391X+184 (6 to 20%, n=23, r=+0.98, p<(0.001) for pregnant animals and Y=0.745X-1053 (0 to 6%, n=25, r=+0.99, p<0.001), Y=0.269X +469 (6 to 20%, n=20, r=+0.94, p<0.001) for nonpregnant animals. The slopes of these lines confirmed that the utilization efficiencies of WEP were higher at low intake levels than at high intake levels. The equations also show that pregnant rats retained more nitrogen than nonpregnant ones at high intake levels.
Urinary nitrogen excretion at low levels of whole egg protein intake Table 5 shows the urinary nitrogen excretion, expressed as mg/100g BW per day, in pregnant and control rats receiving 0, 1, 3 and 6% WEP diets. Urinary nitrogen loss was less in rats receiving 1 and 3% WEP diets than in rats fed PFD. The nitrogen sparing effect of a small amount of WEP was more marked with the 3% diet than with the 1% diet, but there were no differences between pregnant and nonpregnant rats at the respective protein levels.
Net utilization efficiency of whole egg protein in relation to nitrogen intake
The changes in NPU in relation to the nitrogen intake are shown in Fig. 3 . The NPU decreased with increase in nitrogen intake and the NPUs at marginal protein intakes were appreciably high. The latter finding is due to lower urinary nitrogen excretions in rats fed low WEP diets than the obligatory urinary nitrogen loss Fig. 3 . Relationship between NPU of whole egg protein and nitrogen intake during pregnancy. The regression equations, based on a hyperbolic function, were as follows: Y=1000/(8.888+1.175X) for pregnant rats and Y=1000/(10.750+ 1.336X) for nonpregnant rats, where Y is NPU (%) and X is nitrogen intake (g/21 days).
( Table 5 ). Figure 3 also shows that the NPUs of WEP were higher in pregnant rats than in controls at each dietary protein level. However, the extent of increase of the NPU due to pregnancy at a given dietary protein level cannot be exactly estimated from the NPU values in Table 4 , because of the different nitrogen intakes of the two groups when given the same diet. Thus, we derived regression equations between the NPU and nitrogen intake in pregnancy and nonpregnancy and compared the NPUs calculated from the equations at equal nitrogen intakes. The relationship between the two variables conformed best to the following equations: Y=1000/ (8.888+1.175X) (n=41, r=+0.94) for pregnant rats and Y=1000/(10.750+ 1.336X) (n=26, r=+0.94) for nonpregnant rats, where Y is NPU (%) and X is Table 6 .
Calculated NPU of whole egg protein in pregnant and nonpregnant rats receiving equal amounts of nitrogen.
1 Calculated from the equations in Fig. 3 .
the nitrogen intake (g/21 days). Table 6 shows the changes in NPUs calculated by the above equations and the degrees of increase in the NPU in pregnancy at nitrogen intakes of 1 to 12g/21 days. The results show clearly that dietary protein was used about 15 to 20% more efficiently in pregnant rats than in nonpregnant rats.
DISCUSSION
No data are available on obligatory nitrogen losses in pregnant animals, because PFD results in abortion (4) , and so the NPUs of dietary proteins in pregnancy could not be assessed. Previous reports (5, 6) , however, showed that pregnancy in rats fed PFD could be maintained with ovarian steroids, making it possible to estimate endogenous urinary and metabolic fecal nitrogen losses and to assess the NPUs of dietary proteins in pregnant rats (7) .
Curvilinear relationships between nitrogen balance and nitrogen intake were obtained for both pregnant and nonpregnant rats ( Fig. 2) (8, 9) . Thus the nitrogen balance was improved and the utilization efficiency of dietary protein decreased with increase in protein intake. Similar results were obtained for young men (10, 11) and adult rats (12) receiving diets containing various levels of WEP, lactalb umin or wheat gluten. The curves in Fig. 2 show an inflection point at a level of 6% WEP and similar improvement of the nitrogen balance with increase in protein intake in the two groups of rats fed 0 to 6% WEP diets, but higher values in pregnant rats than in nonpregnant rats with 10 to 20% WEP diets.
The utilization efficiency of a protein is influenced by various factors, such as the dietary protein level, protein quality, test period (12) 
